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ACETYLENE PROCESS GAS PURIFICATION 
METHODS AND SYSTEMS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a nonprovisional of, and claims the 
bene?t of the ?ling date of, US. Patent Application No. 
61/120,261, entitled “Acetylene Process Gas Puri?cation 
Methods and Systems,” ?led Dec. 5, 2008. This application is 
related to co-assigned US. Pat. No. 7,314,506, issued Jan. 1, 
2008, entitled “Fluid Puri?cation System With LoW Tempera 
ture Puri?er,” the entire contents of Which are herein incor 
porated by reference for all purposes. 

FIELD OF THE INVENTION 

Fluid puri?cation systems and methods are described for 
producing puri?ed process gases for applications such as the 
semiconductor fabrication processes. The systems and meth 
ods include cooling an unpuri?ed starting gas to separate 
impurities into liquid phase onto a purifying medium and 
leaving a puri?ed gas for the application. Techniques and 
puri?er components provide for the disposal of the condensed 
impurities Without interrupting the How of the puri?ed gas to 
the application. 

BACKGROUND OF THE INVENTION 

In many applications for puri?ed process gases there is an 
increased need for higher levels of purity. This need is acutely 
felt in the semiconductor fabrication industry, Where increas 
ing control and precision in the processing environment 
require electronic gases that are exceedingly pure. HoWever, 
the demand for higher purity gases has to be balanced With the 
cost and reliability of the systems used to supply those gases. 

For example, the semiconductor industry needs increas 
ingly pure sources of acetylene gas to fabricate carbon con 
taining components such as dielectric ?lms and photolitho 
graphic masks. Acetylene is ?lled in cylinders containing a 
porous substance saturated With solvent, such as acetone or 
dimethylformamide (DMF). The solvent in conjunction With 
the porous substance increases the capacity of the storage 
cylinders and helps stabiliZe the gas by dissolving acetylene 
gas. HoWever, When the acetylene is discharged from the 
cylinders, vapors of the solvent also accompany the acetylene 
gas. The solvent vapors are the largest component of impuri 
ties, among other impurities in acetylene gas. Moreover, as 
the acetylene is being removed from the storage cylinder its 
concentration in the cylinder drops relative to the concentra 
tion of the solvent. This results in an increasing concentration 
of the solvent impurities in the starting acetylene over the 
lifetime of the cylinder. The solvent impurity along With its 
increasing concentration over time in the acetylene gas leads 
to upsets in certain semiconductor fabrication processes that 
use acetylene gas. Since the semiconductor fabrication pro 
cesses are very sensitive to the changing concentration of 
solvent impurity in the acetylene gas, the cylinder usage is 
limited to the region Where solvent concentration is loW and 
constant in the gas, Which results in frequent cylinder change 
outs and Waste of gas. 

In certain cases, the acetylene gas stored in cylinders could 
be passed through an on-site ?lter to remove solvent impuri 
ties before being used in an application. The ?lters are placed 
doWnstream of the storage cylinder and designed to remove 
the solvents so that only puri?ed acetylene gas reaches the 
fabrication application. Delivering puri?ed acetylene With 
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2 
consistently loW solvent impurities is challenging because the 
amount of the impurities that need to be removed is signi? 
cant, and changes over time. Thus, the puri?er has to accom 
modate changing impurity levels in the starting acetylene to 
produce a puri?ed gas With a constant loW level of the impu 
rities. 

Because the solvent impurities are intentionally added to 
the acetylene, they are present in relative large quantities in 
the source gas, Which places signi?cant stress on the puri?er 
to keep the impurity concentrations loW in the puri?ed prod 
uct. It is typical for the puri?er material to saturate or be 
consumed before an application run has been completed, 
forcing the run to shut doWn prematurely to regenerate or 
replace the puri?er. These shut doWns cause a signi?cant 
decrease in the productivity of the fabrication process. As the 
thresholds for acceptable impurity levels keep going loWer, 
the shut doWns become more frequent. Thus, there is a need 
for neW methods and systems to produce highly pure process 
gases With constant loW levels of solvent impurities, decreas 
ing frequency of cylinder change-outs, and increasing usage 
of the stored gases. These and other problems are presently 
addressed. 

BRIEF SUMMARY OF THE INVENTION 

Acetylene puri?cation methods and systems are described 
that permit accumulating liquid impurities to be removed 
(e.g., drained) from a puri?cation unit Without interrupting 
the How of puri?ed acetylene. This reduces the amount of 
doWn time for processes that consume the puri?ed acetylene, 
such as electronic semiconductor fabrication processes. 
The methods and systems may also be responsive to the 

rate at Which the impurities separate from the source acety 
lene and adjust the impurity removal rate to keep the impurity 
concentration at a constant loW level in the puri?ed acetylene 
gas. This can be bene?cial When purifying acetylene from a 
storage cylinder Where the acetylene is stored under pres sure 
With a solvent that provides the bulk of the liquid impurities. 
A full storage cylinder has a higher ratio of acetylene to 
solvent impurity than a cylinder approaching empty, and this 
is re?ected in an increasing concentration of the impurity in 
the acetylene ?oW as the cylinder is emptied. The methods 
and systems can respond to the increasing impurity concen 
tration in the source acetylene by removing the separated 
liquid impurities at an increased rate. 
The liquid impurities may be removed by passing them 

through an outlet in a puri?cation container (or doWnstream 
of the container) that is intermittently or continuously open 
While acetylene ?oWs through the container. Gravity or a 
pressure gradient, or both pull the liquid impurities through 
the outlet to keep the puri?cation container from becoming 
oversaturated With the liquid. Because the liquids are 
removed during puri?cation operations, there is no need to 
periodically stop the acetylene How to drain the liquid con 
taminants from the puri?cation container. 

Embodiments of the invention include methods of purify 
ing an acetylene process gas. The methods may include the 
steps of providing an acetylene source vessel containing 
acetylene mixed With a solvent impurity, and ?oWing the 
source acetylene through a puri?cation container that holds a 
cooled purifying medium, Where at least a portion of the 
solvent impurity in the source acetylene separates out as a 
liquid impurity on the purifying medium. The methods may 
also remove the liquid impurities from the puri?cation con 
tainer and ?oWing a puri?ed acetylene gas from the puri?ca 
tion container. The puri?ed acetylene gas can have a concen 
tration of the solvent impurity of about 5 vol. % or less, and 
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the separated liquid impurity may be removed While the puri 
?ed acetylene gas ?oWs from the puri?cation container to 
keep the concentration of the solvent impurity substantially 
constant in the puri?ed acetylene gas. 

Embodiments of the invention may also include systems 
for purifying an acetylene process gas. The systems may 
include an acetylene vessel containing source acetylene 
mixed With a solvent impurity, and a puri?cation container 
?uidly coupled to the acetylene vessel. The puri?cation con 
tainer may contain a puri?er medium upon Which at least a 
portion of the solvent impurity in the source acetylene sepa 
rates out as a liquid impurity. The systems may also include a 
temperature control system thermally coupled to the puri? 
cation container, Where the temperature control system loW 
ers the temperature of the puri?er medium to promote the 
separation of the solvent impurity as a liquid on the puri?er 
medium. A ?oW control device may be formed on the puri? 
cation container or doWnstream of the container to alloW the 
passage of the separated liquid impurity out of the puri?ca 
tion container While the source acetylene ?oWs into the puri 
?cation container. The ?oW control device is selected from 
the group consisting of but not limited to, an ori?ce, a needle 
valve, a mass ?oW controller, a check valve, a regulator, and 
a ball valve. The ?oW control device may be coupled to a vent 
channel outside the puri?cation container that facilitates the 
liquid impurity ?oWing out of the puri?cation container. The 
system may still further include an outlet formed in the puri 
?cation container through Which the puri?ed acetylene gas 
passes. The puri?ed acetylene gas may have a concentration 
of the solvent impurity of about 5 vol. % or less, and the 
separated liquid impurity may be removed While the puri?ed 
acetylene gas ?oWs from the puri?cation container to keep the 
concentration of the solvent impurity substantially constant 
in the puri?ed acetylene gas. 

Additional embodiments and features are set forth in part 
in the description that folloWs, and in part Will become appar 
ent to those skilled in the art upon examination of the speci 
?cation or may be learned by the practice of the invention. 
The features and advantages of the invention may be realiZed 
and attained by means of the instrumentalities, combinations, 
and methods described in the speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further understanding of the nature and advantages of the 
present invention may be realiZed by reference to the remain 
ing portions of the speci?cation and the draWings Wherein 
like reference numerals are used throughout the several draW 
ings to refer to similar components. In some instances, a 
sublabel is associated With a reference numeral and folloWs a 
hyphen to denote one of multiple similar components. When 
reference is made to a reference numeral Without speci?ca 
tion to an existing sublabel, it is intended to refer to all such 
multiple similar components. 

FIG. 1 is a simpli?ed schematic draWing of an acetylene 
gas puri?er according to embodiments of the invention; 

FIG. 2 is a schematic draWing of an acetylene gas puri?er 
according to embodiments of the invention; 

FIG. 3 is a three-dimensional draWing of an acetylene gas 
puri?er according to embodiments of the invention; 

FIG. 4 shoWs a simpli?ed schematic draWing of a system to 
supply puri?ed acetylene gas to an application according to 
embodiments of the invention; 

FIG. 5 shoWs a simpli?ed schematic draWing of a system to 
supply puri?ed acetylene gas to an application according to 
additional embodiments of the invention; and 
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4 
FIG. 6 shoWs a ?owchart of selected steps in a method of 

purifying an acetylene process gas according to embodiments 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Systems and methods are described for purifying acetylene 
gas by separating vapor and/or aerosol phase impurities as a 
liquid from the gas over a cooled purifying medium and 
removing the liquid impurities from the puri?cation equip 
ment Without interrupting the supply of the puri?ed acety 
lene. These systems and methods may be used to purify 
acetylene sourced from high-pressure gas storage cylinders 
that contain a solvent medium such as acetone or dimethyl 
formamide to dissolve and stabiliZe the stored acetylene. 
Solvent impurities that accompany the acetylene into the 
puri?cation container may be separated from gaseous acety 
lene into a liquid phase in the cold puri?cation container. The 
puri?cation container is con?gured With ?oW-controlled 
opening that alloWs the liquid phase impurities to drain from 
the container Without interrupting the acetylene ?oW through 
the container. 

FIG. 1 shoWs a simpli?ed schematic of an acetylene puri 
?er system 100 according to embodiments of the invention. 
The puri?er system 100 includes a puri?cation container 104 
that is operable to be cooled to a temperature beloW room 
temperature (e.g., from about 0° C. to about —2000 C.). The 
puri?cation container 104 may hold a high-surface area puri 
?er material (not shoWn) that is also cooled to the temperature 
of the container 104. The puri?er material exposed to the 
source acetylene provides surfaces for separating the liquid 
impurities (e.g., solvent impurities) from the acetylene gas. 

Source acetylene containing solvent impurities may be 
introduced to the puri?cation container 104 through ?uid 
inlet 114 that can be reversibly coupled to the acetylene 
source (not shoWn). The source acetylene decreases in tem 
perature While ?oWing through the puri?cation container 104, 
causing the solvent impurities to separate out as liquid impu 
rities from the acetylene as the acetylene remains in the gas 
phase. The liquid impurities may be pulled by gravity to the 
bottom of container 104, Where they exit the container 104 
through ?oW control device 118 and conduit 120. Meanwhile, 
the puri?ed acetylene gas exits the puri?cation container 104 
through outlet 116, Where it may be transported to the end use 
application (not shoWn). 

FIG. 2 shoWs an example of an acetylene puri?er 200 
according to additional embodiments of the invention. FIG. 3 
provides a three-dimensional vieW of the puri?er 200. The 
puri?er 200 in FIG. 2 includes an outer cooling container 202 
that holds internal container 204 around Which gas ?oW tube 
206 is coiled. The cooling container 202 has a coolant inlet 
210 and outlet 208 through Which a coolant can circulate to 
maintain the gas ?oW tube 206 and internal puri?cation con 
tainer 204 at a temperature beloW ambient. The coolant inlet 
210 and outlet 208 may be reversibly coupled to a circulating 
source of coolant ?uid (not shoWn). The coolant outlet 208 
may also be coupled to an auxiliary outlet 212 for draining 
residual coolant from the cooling container 202, among other 
functions. 

Source acetylene may be introduced into the gas ?oW tube 
206 through gas inlet 214 that can be reversibly coupled to an 
acetylene source (not shoWn). The source acetylene cools 
While ?oWing through the coiled gas ?oW tube 206 and the 
solvent impurities can start to separate from the acetylene gas 
into a liquid phase. The separation of impurities into a liquid 
phase may continue as the acetylene ?oWs from the gas ?oW 
tube 206 into the internal puri?cation container 204 due to the 
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presence of the cooled purifying medium and the liquid impu 
rity collects in the puri?cation container 204, and the puri?ed 
acetylene gas ?oWs to gas outlet 216. The gas outlet 216 may 
be reversibly coupled to an application (not shoWn) that uses 
the puri?ed acetylene gas. 

The liquid impurities collecting in the puri?cation con 
tainer 204 migrate to the bottom of the container. A ?oW 
control device 218 may be formed in the puri?cation con 
tainer 204, or doWnstream of the container, to remove the 
impurities from the puri?er 200. The ?oW control device 218 
may be coupled to a conduit 220 that de?nes a vent channel 
for facilitating the exit of the liquid impurity from the puri? 
cation container 204. The conduit 220 may be coupled to a 
vacuum source (not shoWn) that maintains a loWer pressure 
on the conduit side of the ?oW control device 218 than the 
puri?cation container 204 side. This establishes a decreasing 
pressure gradient that helps pull ?uid impurities from inside 
the puri?cation container 204 to the vent channel in conduit 
220. In some instances the pressure and temperature condi 
tions in the vent channel may cause the liquid impurities to 
vaporiZe back into the gas phase, alloWing the impurities to be 
vented from the puri?er system With or Without the help of a 
carrier gas. 

Examples of the ?oW control device 218 may include With 
out limitation, an ori?ce, a needle valve, a mass ?oW control 
ler, a check valve, a regulator, and a ball valve, among other 
devices. When the ?oW control device 218 is an ori?ce, the 
ori?ce may have a variety of shapes and siZes. For example 
the ori?ce may be circular, elliptical, polygonal, etc. The ?oW 
control device 218 may be con?gured to prevent liquid impu 
rities from accumulating in the puri?cation container 204 at 
peak rates of separation of the impurities (usually at or near 
the endpoint of emptying an acetylene gas cylinder). Thus, 
the ?oW control device 218 is con?gured to accommodate a 
varying removal rate of the impurities and keep the removal 
rate above an accumulation threshold Where the liquid impu 
rities form so rapidly that they begin to collect upstream of the 
?oW control device 218 in the puri?cation container 204. The 
?oW control device 218 may also be con?gured to reduce the 
amount of acetylene that is diverted from the application by 
instead passing through the conduit 220 With the liquid impu 
rity. Embodiments siZe the ori?ce to have a cross-sectional 
area in the bottom surface of container 204, or doWnstream of 
the container 204, of about 8x10“9 cm2 to about 1 cm2. For 
example, a circular shaped ori?ce may have a diameter of 
about 1 pm to about 1 cm (e.g., about 1 um to about 1 cm, 
about 10 pm to about 100 um, about 50 um, etc.). 

The ?oW control device 218 may be set to keep the liquid 
impurities ?oWing continuously into the Waste stream While 
the puri?ed acetylene is being delivered to the application. 
Alternatively, the ?oW control device 218 may permit peri 
odic release of the liquid impurities into the Waste anytime 
before they accumulate in the puri?cation container 204 to a 
point Where impurity levels start to increase in the puri?ed 
acetylene exiting through gas outlet 216. In both cases, the 
removal of the impurities during the operation of the puri?er 
can substantially reduce or eliminate the amount of doWn 
time required for draining, cleaning, and recharging the puri 
?cation container 204. 

Reducing or eliminating the accumulation of the liquid 
impurities in the puri?cation container 204 permits the puri 
?er to provide a puri?ed acetylene gas With loW levels of 
solvent impurities over the life of an acetylene storage cylin 
der. Even as the percentage of solvent impurities in the source 
acetylene increases over the life of the cylinder (e.g., from 
starting With about 0.05 to 0.5 vol. % of the solvent impurity 
and ?nishing With about 5 to 10 vol. % or more), the puri?ed 
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6 
acetylene is maintained With a relatively constant loW level of 
these impurities (e.g., about 5 vol. % or less, about 1 vol. % or 
less, about 4000 ppm to about 10 ppm, by vol., etc., of solvent 
impurity in the puri?ed acetylene). 

Referring noW to FIG. 4, a simpli?ed schematic draWing of 
a system 400 to supply puri?ed acetylene gas to an applica 
tion according to embodiments of the invention is shoWn. The 
system 400 includes an acetylene source 402, such as a high 
pressure acetylene cylinder, that contains an unpuri?ed mix 
ture of acetylene and solvent impurity. The source acetylene 
is sent to puri?er unit 404 Which includes a loW-temperature 
puri?er unit similar to puri?er described in FIGS. 1-3 above. 
As the source acetylene cools moving through the puri?er, the 
solvent impurity separates from the acetylene into a liquid 
phase. The liquid impurities are removed from the puri?er 
unit 404 by passing through a ?oW control device to a Waste 
disposal unit 406. The ?oW control device may be coupled to 
a conduit that opens into a vent channel in Waste disposal unit 
406 that is maintained at a reduced pressure resulting in the 
re-evaporation of the liquid impurities. 
As the liquid impurities travel from the puri?er unit 404 to 

the Waste disposal unit 406, a ?oW of puri?ed acetylene With 
a signi?cantly reduced concentration of the impurities passes 
to an application 408. The application 408 that consumes the 
puri?ed acetylene may include a semiconductor fabrication 
process application such as making an ashable hard mask for 
patterning an integrated circuit. 

FIG. 5 shoWs a simpli?ed schematic draWing of a system 
500 to supply puri?ed acetylene gas to an application accord 
ing to embodiments of the invention. System 500 shoWs a 
stored acetylene source 502 in the form of a high-pressure 
acetylene gas cylinder. The acetylene is stored in the cylinder 
With a solvent, such as acetone or dimethylformamide Which 
dissolves and helps maintain the stability of the acetylene 
during the storage period. In the embodiment shoWn, the 
acetylene gas cylinder is housed in a cabinet Which may 
include ventilation conduits, gas sensors, and controllers that 
permit a system operator to control system operations such as 
gas shut off, ?oW rates, etc. 
The source acetylene gas exits the acetylene source 

through supply conduit 504 for puri?cation in the loW-tem 
perature puri?cation unit 508. In system 500, the ?oW rate and 
pressure of source acetylene reaching the puri?cation unit 
508 is controlled by a valve manifold box (V MB) 506. In the 
embodiment shoWn, the VMB 506 is separate from both the 
acetylene source 502 and the puri?cation unit 508. In addi 
tional embodiments, VMB 506 may be integrated into the 
acetylene source 502 (e. g., integrated into the gas cabinet) or 
the puri?cation unit 508 (e.g., directly coupled to an inlet gas 
?oW tube of the puri?er). 
The source acetylene moves through the cooled puri?ca 

tion unit 508 and a portion of the solvent impurity separates 
from the acetylene into a liquid phase. Coolant ?uid is cycled 
through the puri?cation unit 508 by a separate coolant unit 
510 ?uidly coupled to the puri?cation unit. In additional 
embodiments (not shoWn) a coolant unit may be integrated 
With the puri?cation unit. 
The puri?cation unit 508 separates the source acetylene 

into a puri?ed gas sent to the application 512 and the liquid 
impurities (primarily solvent impurities) sent to a Waste pro 
cessing unit 514. As noted above, the liquid impurities may 
pass through a ?oW control device 516 in a container that 
collects liquid impurities from the chilled acetylene gas 
stream over the purifying medium. The ?oW control device 
516 may be formed in the container or doWnstream of the 
container Where the force of gravity and/or pressure gradient 
draWs the liquid impurities. In the embodiment shoWn, a ?oW 
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control device 516 controls the rate of impurity removal from 
the container. Examples of How control device 516 may 
include an ori?ce, mass ?oW controller, needle valve, and/or 
other device to control the How rate of impurities exiting the 
puri?cation unit 508. A vacuum source 518 may also be 
coupled to the How control device 516 to create decreasing 
pressure gradient that accelerates the How of liquids exiting 
the puri?cation unit 508 through the How control device 516. 
The vacuum source 518 may also create a loW-pressure region 
doWnstream of the How control device 516 that re-vaporiZes 
the liquid impurities alloWing their transportation from sys 
tem 500 in the gas phase. 

FIG. 6 shoWs selected steps in a method 600 of purifying an 
acetylene process gas according to embodiments of the inven 
tion. The method 600 includes the step of providing a stored 
acetylene source 602. The provided acetylene source may be 
a high-pressure acetylene gas cylinder that also includes a 
solvent that dissolved and helps to stabilize the acetylene 
during storage. The source acetylene released from the acety 
lene source is alloWed to How through a puri?cation system 
604. The gas ?oW rate and pressure of these releases may be 
regulated by, for example, pressure regulators, mass ?oW 
controllers, and/or needle valves, among other equipment, to 
maintain a substantially constant gas pressure in the puri?ca 
tion system. 

The puri?cation system itself may include a loW-tempera 
ture puri?er that separates solvent impurities into a liquid 
phase that is separated from the acetylene remaining in the 
gas phase. The liquid phase impurities may be removed from 
the puri?cation system 606 While the puri?ed acetylene pro 
duced by the system is provided to the end use application 
608. The concurrent removal of liquid impurities and supply 
of puri?ed acetylene may be accomplished by providing an 
outlet (e.g., a How control device) in a puri?cation container 
or doWnstream of the container that alloWs the liquid impu 
rities to drain from the container as acetylene gas ?oWs 
through the container. The container is maintained at a con 
stant loW temperature (e.g., about 0° C. to about —2000 C., 
about —200 C. to about —500 C., about —450 C., etc.) through 
contact With a coolant ?uid at an external surface of the 
container. The coolant ?uid may be circulated around the 
container carrying aWay heat energy from the container to 
maintain a substantially constant loW temperature inside the 
container. 
By maintaining the acetylene gas at a constant pressure and 

temperature in the puri?cation container of the puri?cation 
system, a puri?ed acetylene gas canbe supplied to the enduse 
application With a constant and consistent loW level of solvent 
impurities. For example, the puri?ed acetylene gas may have 
a residual level of solvent impurities of about 5 vol. %, 4 vol. 
%, 3 vol. %, 2 vol. %, 1 vol. %, 0.5 vol. %, 4000 ppm, 3000 
ppm, 2000 ppm, 1000 ppm, 500 ppm, 250 ppm, 100 ppm, 50 
ppm, 25 ppm, 10 ppm, by vol., etc. Variation in the impurity 
concentration for the puri?ed acetylene is reduced by remov 
ing liquid impurities from the puri?cation unit during opera 
tion. This prevents the accumulation of liquid impurities to a 
level Where the puri?er becomes saturated and has dif?culty 
separating additional solvent impurities from the acetylene 
gas stream. 

In addition, the impurity removal process is designed to 
accommodate varying rates of liquid impurity production in 
the puri?cation system. As noted above, the concentration of 
solvent impurity from an acetylene gas source can change 
signi?cantly over the lifetime of the source. For acetylene 
stored in a high-pressure gas storage cylinder, the concentra 
tion of solvent impurities can increase from about 0.05 vol. % 
to about 10 vol. % or more at the end of the cylinder’ s supply. 
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The impurity removal process can accommodate this many 
fold increase in solvent impurity concentration by alloWing 
the liquid solvent impurities to drain from the puri?cation 
system at an increased rate over time to maintain a Zero or loW 

level of liquid accumulation in the puri?cation container, and 
consequently a consistently loW level of impurities in the 
puri?ed acetylene. 

Having described several embodiments, it Will be recog 
niZed by those of skill in the art that various modi?cations, 
alternative constructions, and equivalents may be used With 
out departing from the spirit of the invention. Additionally, a 
number of Well-knoWn processes and elements have not been 
described in order to avoid unnecessarily obscuring the 
present invention. Accordingly, the above description should 
not be taken as limiting the scope of the invention. 
Where a range of values is provided, it is understood that 

each intervening value, to the tenth of the unit of the loWer 
limit unless the context clearly dictates otherWise, betWeen 
the upper and loWer limits of that range is also speci?cally 
disclosed. Each smaller range betWeen any stated value or 
intervening value in a stated range and any other stated or 
intervening value in that stated range is encompassed. The 
upper and loWer limits of these smaller ranges may indepen 
dently be included or excluded in the range, and each range 
Where either, neither or both limits are included in the smaller 
ranges is also encompassed Within the invention, subject to 
any speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included. 
As used herein and in the appended claims, the singular 

forms “a”, “an”, and “the” include plural referents unless the 
context clearly dictates otherWise. Thus, for example, refer 
ence to “a process” includes a plurality of such processes and 
reference to “the impurity” includes reference to one or more 
impurities and equivalents thereof knoWn to those skilled in 
the art, and so forth. 

Also, the Words “comprise, comprising,” “include,” 
“including,” and “includes” When used in this speci?cation 
and in the folloWing claims are intended to specify the pres 
ence of stated features, integers, components, or steps, but 
they do not preclude the presence or addition of one or more 
other features, integers, components, steps, acts, or groups. 

What is claimed is: 
1. A method of purifying an acetylene process gas, the 

method comprising: 
providing an acetylene vessel comprising source acetylene 

mixed With a solvent impurity; 
?oWing the source acetylene through a puri?cation con 

tainer that holds a cooled purifying medium, Wherein at 
least a portion of the solvent impurity in the source 
acetylene separates out as a liquid impurity on the puri 
fying medium; and 

removing the separated liquid from the puri?cation con 
tainer; and 

?oWing a puri?ed acetylene gas from the puri?cation con 
tainer, Wherein the puri?ed acetylene gas has a concen 
tration of the solvent impurity of about 5 vol. % or less, 
and Wherein the separated liquid impurity is removed 
While the puri?ed acetylene gas ?oWs from the puri?ca 
tion container to keep the concentration of the solvent 
impurity substantially constant in the puri?ed acetylene 
gas. 

2. The method of claim 1, Wherein the concentration of the 
solvent impurity in the puri?ed acetylene gas is about 1 vol. % 
or less. 
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3. The method of claim 1, wherein the separated liquid is 
removed by passing the liquid through a How control device 
formed in the container. 

4. The method of claim 1, Wherein the separated liquid is 
removed by passing the liquid through a How control device 
coupled to the container. 

5. The method of claim 4, Wherein the How control device 
is selected from the group consisting of an ori?ce, a needle 
valve, a mass ?oW controller, a check valve, a regulator, and 
a ball valve. 

6. The method of claim 1, Wherein the solvent impurity is 
selected from the group consisting of acetone and dimethyl 
formamide. 

7. The method of claim 1, Wherein the substantially all of 
the acetylene is removed from the acetylene vessel Without 
interrupting the How of the source acetylene through the 
puri?cation container. 

8. The method of claim 4, Wherein a How rate of the liquid 
impurity through the How control device increases With an 
increase in separation rate of the solvent impurity on the 
purifying medium. 
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9. The method of claim 1, Wherein a concentration of the 

solvent impurity increases over time as more of the source 
acetylene is removed from the acetylene vessel. 

10. The method of claim 1, Wherein the concentration of 
the solvent impurity in the source acetylene increases from 
about 0.05 vol.% to about 10 vol.%. 

11. The method of claim 1, Wherein the source acetylene 
gas is maintained at a constant temperature and pressure in the 
puri?cation container. 

12. The method of claim 4, Wherein the liquid impurity is 
converted into a vapor after passing through the How control 
device. 

13. The method of claim 12, Wherein the vapor exhausted 
through a vent channel. 

14. The method of claim 1, Wherein the liquid impurity is 
dispensed in the liquid phase. 

15. The method of claim 4, Wherein the liquid impurity is 
intermittently removed from the puri?cation container 
through the How control device. 

16. The method of claim 1, Wherein the puri?ed acetylene 
gas is transported to a semiconductor processing system that 
is coupled to the puri?cation container. 

* * * * * 


